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Strangeness magnetic moment of the nucleon is calculated at one-loop level in a relativistic
SU(3) chiral potential model and is found to be steadily positive, i.e., with an opposite sign to the
nucleon strangeness polarization. It is the “Z” diagram that kills the usual relation between spin
and magnetic moment. The positive value is due to the contribution from the intermediate excited
quark states, while the intermediate ground state gives a negative contribution. Our numerical
results agree quite well with the new measurement of the SAMPLE Collaboration.
PACS numbers: 12.39.Ki, 12.39.Fe, 12.39.Pn, 13.88.+e
The new measurement of nucleon strangeness magnetic
moment (s  GsM (0)) by the SAMPLE collaboration [1]
conrmed its previous results [2] and indicates a value
signicantly above zero:
GsM (0:1GeV
2) = +0:61 0:17 0:21N : (1)
This gives great new challenges to our understanding
of nucleon structure since most theoretical calculations
before typically produce a negative value for s (see
[3,4] and references therein). A positive s is also intu-
itively dicult to understand regarding the usual mag-
netic moment-spin (-s) relation, since strange quark po-
larization of the nucleon is well-conrmed to be negative
by both experiments [5] and lattice QCD calculations
[6,7]. (Note that the negative charge of strange quark
has been extracted in the denition of GsM .)
In a recent paper [8], by making essentially only an
assumption of a chiral Lagrangian, we have successfully
reproduced the experimental result of the strange quark
polarization (s) of the nucleon. In this paper we will
perform at the same footing a calculation of the nucleon
strangeness magnetic moment, to see what result the chi-
ral Lagrangian would predict for it and whether it is pos-
itive or negative, especially in comparison to the nucleon
strangeness polarization.
First of all, nucleon magnetic moment is dened







d3x  qγµ qAµjNi  −~N  ~B; (2)
And it can be shown that N is related to the electro-




M (0) [9], where
GqM (k
2)  F q1 (k2) + F q2 (k2) and F1 and F2 are dened
through










The contribution of the quark flavor q (q = u; d; s)
to the nucleon magnetic moment is usually dened as
q  GqM (0). Equivalently, q can be evaluated as the
expectation value of an operator for magnetic moment:
q = hN j
∫
d3x yq(~x ~)3 qjNi; (4)
which follows directly from Eq. (2) [10]. Eq. (4) is espe-
cially suitable for model calculations. In the following we
will perform a perturbative calculation of s in a chiral
potential model.
Our starting point is the chiral Lagrangian
L =  [i@=− S(r) − γ0V (r)] −
1
2Fpi














The model Lagrangian is derived from the  model in
which meson elds are introduced to restore chiral sym-
metry [11]. The flavor and color indices for the quark
eld  are suppressed; S(r) = cr + m with cr the lin-
ear scalar connement potential and m the quark mass
matrix; V (r) = −=r is the Coulomb type vector po-
tential; Fpi=93MeV is the pion decay constant.  and
i (i runs from 1 to 8) are the scalar and pseudoscalar
meson elds, respectively and i are the Gell-Mann ma-
trices. The quark-meson interaction term of Eq.(5) is
symmetrized because for dierent masses of the u, d and
s quarks the mass matrix m does not commute with all
i.
At zeroth order the nucleon is described by the usual
SU(6) three-quark ground state with the Hamiltonian
Hq =
∫
d3x y[~  1
i
~@ + S(r) + V (r)] : (6)
The lowest order contribution to s begins with the one-
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FIG. 1. Lowest order diagram for µs; a cross on the quark
line denotes the magnetic moment vertex (~x × ~α)3.
The meson propagator given by the Lagrangian in Eq.
(5) is as usual the free propagator. However since the
non-perturbative connement is included inHq the quark
propagator has to be obtained numerically, and in prac-
tise we have to work in the time-ordered perturbation










where uα(x) = e−iEαtuα(~x)α, vβ(x) = eiEβtvβ(~x)β ; 







Y mjl (~^r); (8)
where g and f are real functions, n is the radial quantum
number, and Y mjl (~^r) are the vector spherical harmonics.
For computational convenience, we will take exactly the
same form for vβ(~x).
In correspondence to Eq. (7), the quark propagator is
D(x1; x2)  h0jT f (x1);  (x2)gj0i








Applying the propagators to Fig. 1, we get the contri-
bution from a single quark line (with the initial and nal




































d3xuyα(~x ~)3uα′ , and similarly for Γββ′
etc. The four time-ordered terms in Eq.(10) correspond
to the time-ordered diagrams of Fig. 2.
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FIG. 2. Time-ordered diagrams of Fig. 1; A is the posi-
tive state contribution; B is the negative state contribution;
C and D are the quark-antiquark pair creation and annihi-
lation “Z” diagrams.
We neglect here the details of evaluating Eq. (10), suf-
ce it to mention that the time and energy integrations
are carried out rst, then the spatial plane waves ei~k~x is
expanded in spherical harmonics to carry out the angu-
lar integration; then the left integration are carried out
numerically. And to get s for the whole nucleon, one
still has to multiply a spin-isospin factor which turns out
to be 2.
Considering that a model prediction, even the qualita-
tive feature of the prediction, often strongly depend on
the model parameters, we will allow all possible varia-
tions of the parameters to see how s is influenced. Since
Fpi = 93 MeV and mK = 595 MeV are xed by experi-
ment, our model contains four free parameters: the two
quark masses mu,d, ms and the two strength constants of
the scalar and vector potential denoted by c and . The
parameter  is xed by the long-wavelength, transverse
fluctuations of the QCD based static-source flux-tube pic-
ture [12,13], and is generally quoted to be 0:26 (= 51:3
Mevfm) [14] or 0:30 (= 59:2 MeVfm) [15]. Quark masses
and connement strength are rather uncertain quantities.
We therefore choose in our calculation four dierent sets
of parameters (see Table I), including both current and
constituent quark masses.
TABLE I. Model parameters and the contribution to µs from the in
numbers of magnetic moment are in unit of µN .
para. mu,d ms α
set MeV MeV MeV·fm
1 10 150 51.3
2 10 150 51.3
3 300 500 51.3
4 10 150 59.2
2
Fig. 3 gives the numerical results of s in unit of N .
The intermediate quark states are consistently summed
over up to a given energy. And in the last column of Ta-
ble I we list the contribution of the intermediate ground
state. We see in Fig. 3 that for all the choices of pa-
rameters, s turns out to be positive, as long as enough
excited quark states are taken into account. However as
shown in Table I the intermediate quark ground state al-
ways give a negative contribution. This explains why in
many calculations at the baryon level, where the quarks
are restricted to the ground state and the intermediate
baryon is truncated to be the ground state octet or ducu-
plet baryons, a negative value of s is usually obtained.
We also give in Fig. 4 the result with a cuto 2 on
the meson momentum by replacing the meson propaga-
tor (q2−m2+i)−1 with (q2−m2+i)−1−(q2−2+i)−1.
This is usually adopted to account for the nite size of the
meson. Figs. 3 and 4 show that a larger quark mass or a
stronger connement (which is eectively a static mass)
always reduce the magnetic moment, this is as should be
expected. However the variation of vector potential does
not aect s too much.













FIG. 3. Plot of µs as a function of the maximal energy
over which the intermediate states are summed.










FIG. 4. The same as in Fig. 3, but with a meson momen-
tum cutoff Λ2 = 1.5GeV2.
To look closer at how a positive s has been generated,
and especially to understand why in contrast s is neg-
ative, we give in Fig.5 the separate contributions to s
from the time-ordered diagrams in Fig. 2 for the second
set of parameters. And the corresponding contributions
to s are depicted in Fig. 6.












FIG. 5. Contributions to µs from the time-ordered dia-
grams of Fig. 2; the positive and negative states both con-
tribute a negative amount, while the two “Z” diagrams make
an equal amount of positive contribution.










FIG. 6. Time-ordered diagrams’ contributions to ∆s; the
positive, negative states, and the “Z” diagrams make a neg-
ative, positive, and negative contribution, respectively.
Now Figs. 5 and 6 present us a perfect explanation
why s and s have opposite sign: we see that the pos-
itive states give a contribution of the same sign (both
negative) to s and s, which is as would be expected;
and the negative states contribute a positive amount to
s but a negative amount to s. This is also reason-
able since antiquark possesses opposite charge to quark.
3
However, one would not expect the usual -s relation
for the contributions from the \Z" diagrams in which a
quark-antiquark pair is created or annihilated; an evi-
dent obstacle is that we do not know what charge sign
we should commit to these diagrams. Figs. 5 and 6 show
that the \Z" diagrams make a negative contribution to
the polarization while a positive contribution to mag-
netic moment, and they happen to be the dominating
contributions (note that there are two \Z" diagrams);
so eventually we get for the whole nucleon a negative
strangeness polarization but a positive strangeness mag-
netic moment. This agrees perfectly with the experimen-
tal results.
In summary, we found by a standard perturbative cal-
culation that the SU(3) chiral potential model concretely
predict a positive nucleon strangeness magnetic moment,
no matter what parameters we choose in the model. The
contributions from the intermediate excited states and
the \Z" diagrams are most important. If one restricts
the intermediate state to quark ground state a wrong
conclusion will be got. Further investigation of the time-
ordered diagrams reveal that the positive and negative
states (Figs. 2A and 2B) contribute to polarization and
magnetic moment in the usual way that respects the -s
relation; however this is not true for the \Z" diagrams,
whose contribution is found to be dominant and therefore
determines the overall sign of s and s for the nucleon.
Since in our calculations of both s and s we have es-
sentially made only one assumption of a Lagrangian, the
success of our calculations can be regarded as a strong
support of our approach and the chiral Lagrangian.
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